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INTRODUCTION

Since 1978 the Merced County Health Department has detected nitrate levels in
ground water of the Hilmar area which exceed the drinking water standard of 10
milligrams per liter (mg/1) NO,-N. As a result of these excessive nitrate levels
some residents are currently using bottled water for drinking instead of their
own well water. A few dairymen have complained that their cows are aborting at
a higher than normal rate. A local dairy inspector attributes this to excessive
nitrates. This study was conducted to determine the extent and most 1ikely
sources of the high nitrate levels and to make recommendations to reduce the

problem.

Since Hilmar is an intensively farmed area, other ground water prob]ems related
to agriculture were also looked at. These include possibie problems with high

levels of salts and pesticides.
Area of Investigation

' The study area consists of an approximately 3 mile square centered around the
City of Hilmar (see Figure 1). It includes a small portion of southern
Stanislaus County and a larger portion of northern Merced County. Some portions

of Turlock and DeThi are included to the north and east, respectively.

Agriculture is the predominant land use, with corn, oats, almonds, and alfalfa

making up approximately 82 percent of the total cropland. There is also a high



density of confined animal facilities, mostly dairies with some feedlots and

poultry operations present as well.

Ground water is the major source of drinking water in the area. Resfdents in
the City of Hilmar receive their water from a large municipal well. Outsidé the
city Timits, most residents use water from private wells for drinking. As
.mentioned, some people are drinking bottled water. . Water from the Turlock
Irrigation District (TID) canals, which brings watef from the Tuolumne River,
is the main source of irrigation water. TID uses drainage wells to kéep»thé
ground water level at least 6 feet below the ground surfécg. Water pumped from
the drainage wells is discharged into the TID irrigation canals which then

transport the water to the San Joaguin River or to the Merced River.

Most of the Hilmar study area is served by septic tank systems. The City of
Hilmar itself is on a sewer system (see Figure 2). The sewage treatment plant
is located southeast of the city and discharges its wastes to a 20 acre site

located near the treatment plant.
Scope of the Investigation

The initial work involved locating known and potentially high nitrate areas.
Water_qua]ity analyses from the Merced County Health Department were Tooked at
to identify areas known to have shown high nitrates in the past as well as at
the present. Land use maps and aerial photos were used to locate potentially
high nitrate areas such as dairies, feedlots, poultry operations, golf courses,

and crops which receive large applications of fertilizers (see Figure 2).



The initial work also included a review of existing geologic and;hydrbgeo1ogic
Titerature to qetermine the extent and character of the water bearing zones.
Depth and thickness of the upper unconfined and lower confined aquiférs, water
levels, and direction of ground water movement were determined based on these

reports.

A ground water sampling program was conducted in June of 1986 in which domestic,
irrigatiqn, dairy, and drainage wells were chosen for water quality sampling
based on the kind of information available on the well and the location of the
well. An effort was made to sample only those wells which had well logs on file
at the Department of Water Resources (DWR) or for which well depth and casing
diameter information was available. This information makes it possible to
determine which aquifer the well ié drawing water from and to determine the
pumping time needed to obtain a water sample repfesentative of the_ground water.
Some wells of unknown or uncertain depth were sampled because they were the only
ones available in an‘area of interest, an owner requested an analysis, or because
fhe Merced County Health Department had,previous1y found high nitfate 1evé]s

there.

Where possible, at Teast one well was sampled in each section of the study area.
Most wells sampled were located near a dairy bperatiqn, while some were choseh
outside the influence of dairies or other suspected sources of nitrate to obtain
a background level of nitrates. To study the effecfs of fertilizers a few wells

were sampled down ground water gradient from the Turlock Country Club Golf Course



and in orchards where fertilizer application rates are typ1ca1]y h1gher than

e

normal.

A1l wells were sampled for nitrates, whiTe‘on1y those wells with known depths
were sampled for minerals also. Wells which are located within or down ground
water gradient from orchards were also sampled for pesticides. Those wells which
showed nitrate levels above the drinking water standard in June were resampled
for nitrates only in October of 1986'tb verify the initial results; ‘Water from
14 wé]]s was analyzed for nutrients in an effort to'djStingﬁish anfma] wastes

as a source of nitrates from commercial fertilizers.

Water from 2 irrigation canals and 2 dairy ponds was analyzed for nitrates and
minerals. A complete nutrient analyses was also performed on one of each of

these 2 surface‘waters.

An estimate of the total nitrogen and salt loading rates was made for the entire
study area. The application of animal wastes, commercial fertilizers, and
irrigation water to cropland, the use of septic tanks, the application of treated
sewage water to land, and nitrogen fixation by Tleguminous plants were all

considered in estimating the loading rates.

A survey of animal waste management practices by individual dairies and poultry
operations was conducted to determine loading rates by these operations.
Information on recommended fertilizer application rates and fertilizer types for
specific‘ crops was obtained from the University of California Cooperative

Extension Office in Merced County and the Stanislaus Farm Supply. This
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information was used with crop acreages determined from the Department of?%ier
Resources 1980 land use map to determine loading rates due to the use of

commercial fertilizers.
Nitrate Toxicity

Nitrates are toxic to both humans and animals. 1In humans, toxicity is generally

associated with infants Tess than 3 months old, and rarely in adults.

Nitfite, the reduced form of nitrate, causes the health problems associated with
nitrates. Nitrate can be reduced to nitrite in the intestines of ruminént
animals and infant humans and monogastrics (pigs and chickens). In older, healthy
adults fairly 1arge amounts of nitrate can be ingested and excreted in the urine
with Tittle effect. However, infants do not have sufficient amounts of acid in
their digestive systemAtd prevent the growth of bacteria which cah change
nitrates into toxic nitrites. The nitrite is then adsorbed into the bloodstream
and reacts with hemog1obfn inAthe blood, to form metheglobin. The formation of
metheglobin interferes with hemoglobin's ability to transport oxygen through the
body. High levels of metheglobin can significantTy decrease the amount of oxygen
which s carried by the b1odd,'>resu1t1ng linr signs of suffocation, or
methegTbbﬁnemia. Symptoms of mefheg]obinemia in human infants.include a bluish

color to the skin, vomiting, and diarrhea.

Ruminant animals such as cows and sheep and infant pigs and chickens have
bacteria in their digestive systems which can convert nitrate to nitrite. The

digestive systems of adult horses also have the ability to produce nitrites.
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Livestock may consume nitrates from their feed as well asttheif water and may
develop metheglobinemia. Symptoms of nitrate poisoning in animals may include
depression, weakness, rapid pulse, labored breathing, dark mucous membranes, or
convulsive movement of the Tegs. Cows which are not fatally poisoned méy abort

dead ca]Ves.

Since‘ 1945, approximately 2,000 cases of infant metheglobinemia have been
repofted from North'America and Europe. On1y'ab6ut 7 or 8 percent of these
cases’have-been fatal (Hérgert, 1986). The recent death of'a 2-month old infant
in South Dakota has been attributed>fo excessive nitrates in a rural well (Ground‘
Water Monitdr, 1986). Acute nitrate poison1ng in cattle has been recognized for

- some time.

Because of nitrate toxicity, a recommended drinking water standard of 10 mg/1
NO,-N (45 mg/1 NO,) was made part of thé 1962 U.S. Drinking Water Stahdards and
is also part of the State of California's Basin Plan. Guidelines established
by the National Academy of Sciences for livestock drinking water recommend an

upper limit of 100 mg/1 NO,-N+NO,-N to prevent livestock poisoning.

GEOLOGY

Regional Geo]ogyb

The San Joaquin Valley is a topographic and structural trough which has received

a thick accumulation of sediments from the Sierra Nevada on the east and the

Coast Ranges on the west. The east side of the valley, bounded by the Sierra



Nevada fault block, is gently dipping to horizontal and lies unconforméb1y over
the granite basement rocks of the Sierra Nevada. The west side of the valley
dips steeply at its extreme western boundary along the base of the folded and
faulted Coast Ranges, where it Ties unconformably over ultramafic intrusives and
the Franciscan Formation. The axis of the trough is asymmetric and close to the
western margin.of the valley, lying to the west of the present day San Joaquin
River. The San Jbaquin River has migrated eastward since the Pleistocene Age,
thus Sierran deposits interfinger with Coast Range deposits in the subsurface

west of the present day San Joaquin River.

Geomorphic Units.

The Hilmar study area includes 3 geomorphic units of Page & Balding (see

Figure 3).

The older alluvium unit comprises all but the southern edge and the southwestern

portion of the study area. It is nearly flat, sloping about 6 feet'per mile to

“

_the west or southwest. Relief is as mUch as 36 feet from the east side of the

~ area to the west side. The alluvium is dissected at its southern boundary by

~ the Merced River.

Younger alluvium occurs as'a narrow band along the Merced River, sloping less

than 1 foot per mile.

Flood basin deposits occur in the southwest portion of the area. These deposits

flank the San Joaquin River.



Geologic Units and Their Water-Bearing Characteristics

The rocks that make up the 2 aquifers supplying water to the Hilmar area consist
of unconsolidated deposits of Tertiary and Quaternary Age. Consolidated Miocene
vand'P]iocene rocks of the Mehrten Formation which 1lie immediately below these
deposits will be discussed briefly also. See Table 1 for a generalized geologic
section of the Hilmar area and the water-bearing characteristics of the different

géo1ogic formations.
Conso]idéted Rock

Mehrten Formation

Miocene and P]iocene‘deposits of the Mehrten Fdrmation lie conformably over the
Valley Springs Formation and consist of andesitic fluviatile deposits of
sandstone, breccia, conglomerate, turf, siltstone, and claystone. The Mehrten
outcrops in a northwest-southeast trending belt east of the Hilmar study area.
Its thickness in the study area is unknown, but it thickens to a maximum of 1,200
feet under the valley center (CDMG, 1962), its upper surface occurring at about
600 feet below sea Tevel in the northeast portion of the study area to about

1,000 feet below sea level in the southwest portion of the study area (Davis and

Hall, 1959).



The Mehrten Formation is an important aquifer east of the study area where it
occurs at shallower depths. None of the wells sampled in this study penetrate

this formation.

Unconsolidated Deposits

Continental Deposits

Pliocene and Pleistocene continental. deposits 1ie unconformably over the
erosional surface of the Mehrten Formation to the east of the study area. In
the study area the deposits range in thickness from about 300 to 400 feet, the
surface of the formation occurring between about J0O and 300 feet below sea level
(Page and Balding, 1973). The deposits occur in a northwest-southeast trending
belt east of the Hilmar area, where they then dip gently to the southwest beneath
the overlying older alluvium. The‘sediments consist of poorly sorted gravel;
sand, silt, and clay and are generally finer grained than the older alluvium.
,Surface outcrops show the continental deposits to be lenticular and commonly
. Cross- bedded the texture and compos-ition suggest1ng 1t was depos1ted as a series

of alluvial fans originating from the Sierra Nevada.

Maximum well yields are 281 cfm and maximum specific capacities are 3 ft*/min

(Page and Balding, 1973).

Lacustrine and Marsh Deposits
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Pleistocene lacustrine and marsh deposits form a continuous confining layer

within the older alluvium. These deposits range in thickness from about 40 to
60 feet in the study area, the base»of the deposit occurring between 50 and 200
feet below sea level (Page and Balding, 1973). These deposits consist of gray
and blue silt, silty clay, and.c]ay. The clay is called "blue clay" by local
drillers and is known as the E-clay, having been correlated with the E-clay of
Croft in the San Joaquin Valley south of Fresno and to the diatomaceous clay of
DaVié ahd others. ~ In most places the E-clay {is probably equivalent to the

P]eistocene.Corcoran Clay Member of the Tulare Formation.
There are other silt and clay beds above and below the E-c]éy, but none are
continuous over a large area. Thus they are only of local importance to ground

water confinement. .

Older Alluvium

Older alluvium of Pleistocene and Holocene Age 1lies over the continental
deposits. This deposit surfaces over the majority of the study area, extending
from the ground surface to between 100 and 300 feet below the ground surface
(Page and Balding, 1973). It consists of intercolated beds of silt, clay, sand,
gravel, and somé hardpan. These deposits are similar to the continental deposits
in that they are lenticular and commontly cross-bedded, also having been deposited
as alluvial fans by streams draining the Sierra Nevada. The older ai]uvium is

coarser grained than the underlying deposits in some places.
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Most of the wells sampled in this study draw water from the older alluvium. In
T6S, RIOE, the township covering the majority of the study area, the mean yield
from the older alluvium was determined by Page and Balding to be about 180 cfm,
ranging from 80 to 308 cfm. In the northern two-thirds of the study area, the
specific capacity is usually larger than 5.3 ft?/min. Specific capacities in the
southern third of the study area are less than 5.3 ft*/min. Wells perforated
below the E-clay generally show a Tower mean specific capacity than those

perforated above the\E-c1ay.

Younger Alluvium

Younger alluvium, of Holocene Age, occurs as a narrow band along the Merced
River. It is up to 100 feet thick and consists of fine sand, sand, gravel, and
some silt and clay with Tittle or no hardpan. It is interbedded with floodbasin
deposits in the western half of its occurrence in this area. The younger
alluvium is not completely saturated in most places and thus would probably only

show moderate yields to wells. .

Flood-Basin Deposits

Flood-basin deposits, of Holocene Age, crop out in the southwestern portion of
the study area and consist of intercolated lenses of bluish-gray, brown, and
reddish-brown fine sand, silt, and clay. These deposits are up to 100 feet thick

and are interbedded with the younger alluvium and probably the older alluvium.

11



The flood basin deposits are relatively impermeable and thus would probably

yield only small amounts of water to wells.
Geologic Structure

The geologic structure is that of a southwestward dipping homocline. This
~reflects the back siope of the southwestward-tilting fault block of the Sierra
“Nevada. The overlying, fresh-water bearing rocks also dip soﬁthwestward,
resulting 1n'the general movement of groundwater fo‘the west and southwest. - No
- faults are knoWn to have influenced the movement of ground water in the

sedimentary rocks, although fauiting has bccurred in the basement comp1ex.
HYDROLOGY

Occurrence of Ground Water

Only 2 of the 3 aquifers in the area were sampled for water quality. These 2 |
are the upper unconfined aquifer and the Tlower confined aquifer. The.fhird

aquifer not tested occurs in consolidated rock below the confined aquifer.

Unconfined Aquifer

The unconfined aquifer occurs above the E-clay in the unconsolidated older
alluvium, younger alluvium, and flood-basin deposits. It extends from about 5
to 26 feet below the ground surface to the top of the E-clay with a maximum

thickness of about 215 feet in the Hilmar study area.

12
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Due to the presence of local clay lenses semiconfined conditions probably exist,
resulting in anamdous drawdowns during heavy pumping. Such water levels probably

return to the normal water-table conditions during nonpumping.

Confined Aquifer

The confined aquifer occurs below the E-clay in the unconsolidated older alluvium
and continental deposits. It extends from the base of the E-clay to the top
of the Mehrten Formation. However, in terms of use, the base is considered to
‘be the base of the fresh water, fresh water being defined as water having a
specific conductance of less than 3,000 micromhos per centimeter. The head in
the»confined aquifer is less than in the upper unconfined aquifer. Logs of a
few wells perforated in the confined aquifer and sealed off from the upper

aquifer show the piezometric surface to be about 24-38 feet below the surface.

Aquifer in Consolidated Rocks

Water in the consolidated rocks occurs as perched and confined water. Aquifers
in the consolidated rocks have not been defined due to insufficient data. They

are thus grouped here as the aquifér in consolidated rocks.
Movement of Ground Water

The direction of the regional ground water flow in the unconfined aquifer is

“indicated by the ground water contour map developed by the Department of Water

13
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indicate the flow is generally to the west and southwest towards the San Joaquin
River and towards the Merced River in the southern portion of the study area (see
Figures 4 and 5). The direction of regional ground water flow in the confined
aquifer is probably also to the west and southwest, toward the valley trough.
Pumping depressions cause temporary Tocal variations in the direction of ground

water flow, both in the unconfined and confined aquifers.

Since the confined aquifer has a Tower head than the over]yihg unconfined

aquifer, water from the unconfined aquifer moves vertically down to the confined

aquifer through the E—c]ay, particularly through the annular space of improperly -

sealed wells which penetrate the confined aquifer.
Water-Level Fluctuations

Since the Hilmar area relies heavily on surface water supplies for irrigation
high water levels in the unconfined aquifer result, making it necessary to use
drainage wells to Tower the water table. These drainage wells are turned on when
the water Tevel is less than 6 feet below ground surface, discharging the water
into one of the canals which carry water from the Tuolumne River towards the San
Joaquin River. Natural ground water level fluctuations range from 5 to 26 feet

below ground surface.

As mentioned above, some well Togs indicate that the piezometric surface of the

confined aquifer can vary from 24 to 38 feet below ground surface.

14
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WATER QUALITY
Sampling and Analytical Methods

Water samples were collected after burging 3 casing volumes of water from the
well to obtain a representative sample of the aguifer water. In addition, the
electrical conductivity (EC) and temperature of the water were monitored during

pumping to be sure that both had stabilized before a sample was collected.

Plastic containers rinsed in hydrochloric acid were used for collection of
samples to be analyzed for nitrates, minerals, and nutrients. Half-gallon
containers were used for samples collected for mineral and nitrate analyses.
Samples to be analyzed for nutrients were collected in one-gallon containers.
A11 containers were rinsed 3 times with the water to be sampled before the actual

sample was collected.

One liter amber glass bottles were used for co]]eption of samples to be analyzed
"for-pesticides. Samples collected for DBCP analyses were stored in VOA glass .
vials. Both the VOA and amber glass bottles were r1nsed 3 times with the water
to be samp1ed before filling the bottle comp]ete]y, being careful to leave no

air bubbles in the sample bott]e

ATl water samples were immediately put on ice and cooled to 4°C. The sampies
were maintained at 4°C until delivery to the laboratory. A1l samples were hand
delivered to the lab on fhe day of collection or the following day. In addition,

samples collected for nitrate and nutrient analyses were preserved within 12

15




analyses for nitrates and nutrients were pekformed within 28 days of sample

collection.

Anlab Analytical Laboratories in Sacramento performed the nitrate, mineral, and
nutrient analyses. The majority of the pesticide analyses were perfqrmed by
California Analytical Laboratories, Inc. of Sacramento. California Water Labs,
Inc. of ‘Modesto also performed some of the pesticide analyses. See Tab1e 2 for
a list of the parameters analyzed for and the corresponding laboratory and

analytical techniques used.

Field measurements of EC were made using a battery operated Myron Conductivity
Meter which was calibrated before each sampling day. Temperatures were measured

in the field with a mercury thermometer.

To determine the precision, or reproducibility of the analyses, duplicate samples
were taken at 10 percent of the sites sampled, for all parameters measured. The
original and corresponding duplicate sample values are shown in Table 3. Table
4 gives the average and range of percent differences between the original and

duplicate sample analyses for all of the parameters.

The Tlab was not able to reproduce the results for alkalinity, boron,
orthophosphate, or total phosphate very well. Problems with the alkalinity
measurements are probably due to time factors. Unless a sample is analyzed
within 24 hours, interaction with other constituents can significantly affect

alkalinity analyses. The large percent differences for boron, orthophosphate,

16



and total phosphate is probably due to the naturally Tow concentrations of these
constituents. A small difference in concentration can appear large on a

percentage basis when the actual concentration is itself small.

The accuracy of the analyses were evaluated by submitting 5 "blind" samples of
known mineral composition to the laboratory. Table 5 lists the results of the
mineral standards analyzed by Anlab. The relative standard deviation of the
- mineral standards is shown in Table 6. The accuracy of the bicarbomate analyses
was low as indicated by a relative standard deviation of 1.25. As mentioned
above, this 1is probably because the lab was not able to analyze the samples
within 24 hours of collection. Accuracy of the chloride and sulfate analyses
were somewhat low as a result of one analysis which was considerably different

than the standard, for both chloride and sulfate.

The analyses for nitrates were generally precise and accurate. As indicated by
the mineral standards results in Table 5, the ]abofatory consistently obtained
a somewhat Tower than actua] value for all the nitrate standard solutions. This
indicates that the nitrate values obtained‘for the study are probably hinimum

- values which may in reality be somewhat highér.
Minéra] Quality

Surface Water

Water from the TID irrigation canals, which provides much of the ground water

recharge, is of good mineral quality. Two locations sampled each showed a TDS

17
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of less than 100 mg/1 and an ED of 110 ymhos/cm or less (see Tab]e 7) Nitrate

levels at 3 canal locations were 1.7 mg/1 NO,-N or less.

From Table 7 it is apparent that water from dairy ponds is considerably higher
in every constituent except nitrate than the irrigation water is. EC and TDS
levels are as much as 54 and 31 times, respectively, than in the irrigation

water.

Unconf ined Agquifer

The minera] quality of ground water in the upper, unconfined aquifer was of main
interest, because the poorest quality of water was expected there. Recharge from
septic tank systems and irrigafion return flows which have been concentrated
by évaporation losses tend to increase mineralization in the shallow ground
water. Of a total of 69 wells sampled in June, 49 were determined to be
perforated in the upper, unconfined aquifer only. These 49 wells were used to
characterize the quality of water in the unconfined aquifer. See Table 8 for
the mineral analyses of these 49 wells plus 10 additional wells of uncertain or

unknown depth which are thought to be perforated in the unconfined aquifer.

In June of 1986 the EC of the water from the 49 wells in‘the upper aquifer

averaged 683 pumhos/cm, - ranging from 310 to 1200 pmhos/cm. Chloride

concentrations ranged from 9 to 240 mg/1 with an average of 49 mg/1. Nitrate

levels ranged from <0.01 to 35 mg/1 NO,-N, averaging 13 mg/T NO,-N.
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In June, 34 of these 49 wells showed nitrate levels at or above

water standard of 10 mg/1 NO,-N. Verification sampling for 33 of these wells was
conducted in October 1986 to confirm the initial results. Twenty-eight (28) of
these 33 wells also showed nitrate cdncentrations of 10 mg/1 NO,-N or greater in
October, ranging from <1 to 38 mg/1 NO,-N. Seventeen (17) wells showed increases
in nitrate concentrations, 15 wells showed decreases, and 2 showed no change.
Increases were as little as 1 mg/1 NO,-N to as much as 18 mg/1 NO,-N. Decreases

ranged from 1 mg/1 to 8 mg/1 NO,-N.

The 10 wells of unknown or uncertain depth ranged in EC in June from 320 to 1010

pmhos/cm, averaging 646 pmhos/cm. Chloride analyses were performed on only a

few of these wells. Nitrates ranged from 1 to 22 mg/1 NO,-N, averaging 9.6 mg/1
NO,~N. In October all of these wells which were 10 mg/1 NO,-N or more in June

‘were again above the drinking water standard.

Confined Aquifer

| Water from the Tower, confined aquifer is expected to be of higher mineral
quality because of‘]imitéd access of surfacé waters to the deéper zone. However,
it’ié difficult to define the water quality of the confined aquifer Since none
of the deep wé]]s sampled were properly sealed off from the upper aquifer and
many of the wells were perforated 1in both aquifers. Thus, most water sampled

. from the deeper wells was probably composite water from both aquifers.
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confined aquifer. In June, these 10 wells ranged in EC from 190 to 1000 umhos/cm
with an average of 580 umhos/cm (see Table 9 for the mineral analyses of these
10 wells). Chloride concentrations ranged from 10 to 70 mg/1, averaging 32 mg/1.

Nitrate concentrations ranged from <0.01 to 25 mg/1 NO,-N with an average of 6.7

mg/1 NO,-N.

Two of these deep wells showed nitrate concentrations above the drinking water
standard in both June and October. One well decreased from 25 mg/1-to 17 mg/1
between the June and October samplings. The other we11 showed an increase from

18 to 23 mg/1 NO,-N.

Background Water Quality

Five wells in the unconfined aquifer were determined to represent background
water quality. These wells were located in either grain, hay, or alfalfa fields
or in an orchard and apparently were not inf]uenced by any possible nitrate
sources. The nitrate concentretions for these 5 background wells averaged 0.23
mg/1 NO,-N, ranging from <0.01 to 0.80 mg/1 NO,-N. Chloride concentrations
ranged from 10 to 110 mg/1, averaging 38 mg/1. EC values averaged 513 umhos/cm

and ranged from 350 to 890 umhos/cm.

Water from 3 wells perforated in the confined aquifer were determined to most
Tikely represent water quality in that aquifer. These 3 wells are perforated

only below the confining clay Tayer and do not appear to be greatly affected by
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any outside nitrate sources. The average nitrate concentration for the$

.is 1.5 mg/1 NO,-N and ranges from 0.6 to 3.2 mg/1 NO,-N. Chloride concentrations

range from 10 to 31 mg/1, averaging 17 mg/1. The EC averages 347 umhos/cm and

ranges from 190 to 580 umhos/cm.

Areas of Nitrate Occurrence

Figure 6 shows the Tocations and nitrate concentrations from the June sampling
for wells perforated in both the unconfined and confined‘aquifers. Forty-one
(41) of the 69 wells sampled in June showed nitrate concentrations greater than

“10 mg/1 NO,-N..  Thirty-five (35) of these wells also showed nitrate

concentrations above the drinking water standard in October.

The June nitrate concentrations are compared with the current land uses in Table
10. From the table it is apparent that almost all of the land uses listed are
potential sources of excessive nitrates in the ground water. It is difficult
tb determine the exact source of most high nitrate areas since most of the wells
'v'havev]and uses both at the site and up ground water gradient whichvare_potentiaT
nitrate sources. However, dairies and grain and corn crops are clearly
- implicated as sources of high nitrate concentrations. These 2 sources are
directly interrelated in the Hilmar area since about 89 percent of the total
acreage for grain and corn cropsbin the study area receives dairy wastes as a
fertilizer. Most of the dairy wells with high nitrate concentrations are down
ground water gradient from a grain and/or corn field which is most 1likely

fertilized with wastes from the dairy at which the well is located. Similarly,
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- the majority of the grain and/or corn fields which show nitrate concentrations *

above the drinking water standard are either very close to a dairy or down ground
water gradient from a dairy and are likely to receive dairy wastes as a

fertilizer.

Most of the other high nitrate areas are in close proximity to, or down ground
water gradient, from a dairy or a grain and/or corn field which may be fertilized
“with dairvaastes;‘ Two urban wells down ground water gradient from the one golf
course in the area and 2 wells within 100 feet north of fhe golf course show

nitrate concentrations above 10 mg/1 NO,-N.

In general, the averége June hitrate concentrations in the unconfined aquifer
decreased with depth (see Table 11). Of 49 wells perforated in the unconfined
aquifer, 34 in June and 28 in October had 10 mg/1 NO,-N or more. Two of the 10
wells perforated in the confined aquifer had nitrate concentrations above the
drinking water standard both in June and October. Neifher of these 2 deep wells
has a surface seal and one of thé 2 1is perforated throughout the entire length
of the casing, while the other is gravel packed throughout the entire casing
length (no information is available on the perforation interval). Thus, water
from both of these deep wells is probably composite water from both aquifers and
the high nitrate levels may actually result from water in the unconfined aquifer.
Four of the other deep wells which are known to be perforated only below the

confining E-clay all show nitrate concentrations below 10 mg/1 NO,-N.

Salinity
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750 and 3,000 pymhos/cm may cause "increasing problems" for some crops. "Severe

problems” are encountered at EC levels above 3,000 umhos/cm. Thus, those wells

which showed an EC of 750 umhos/cm or more were looked at in this study.

0f 69 wells sampled in June, 23 had an EC of 750 umhos/cm or more. Seventeen
(17) of the 35 wells sampled in October had an EC of 750 umhos/cm or more. The
maximum levels in both June and October were 1200 umhos/cm. The maximum level
in the unconfined aquifer was 1200 pmhos/cm. In the confined aquifer it was

1000 umhos/cm.

Some of the crops grown in this area may show a slight yield decrement at the
higher EC levels present. Corn, almonds, and sweet potatoes are some of these
crops. The reduced yield for any one of these crops would probably not be more

than 5 percent of the maximum yield.

Although the higher Tevels of EC (750 umhos/cm or more) are commonly associated

with dairies or corn, as are nitrate levels above 10 mg/1 NO,-N, there does not
~appear to be a definite linear relationship between EC and nitrate levels. In
fact, while the nitrate concentrations decrease with depth in the unconfined

aquifer, the average salinity increases with depth (see Table 11).

The Environmental Protection Agency (EPA) has established a total dissolved

solids (TDS) concentration of 1000 mg/1 as a drinking water standafd. The
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health related problems when used as drinking water.

Pesticides

Fifteen (15) wells were sampled for pesticides. These wells were either in or
down ground water gradient from an almond orchard, corn, oats, é]fa]fa, sudan,
mixed pasture, or a golf course.‘ A1l wells were sampled for organochlorine
pesticides and PCBs, organophosphorus pestfcides, carbamate and urea pesticide,

triazine’pestitides, and thiocarbamate éompounds.' Nine (9) of thése wells were
also sampled for DBCP, a persistént nematicide commonly used on grapes and citrus
before it was removed from the market in 1977. No pesticides were detected in

any of the wells (see Table 12).
Nufrients

Nutrient analyses were performed on water from 14 wells, 2 dairy ponds, and a
TID irrigation canal. A1l 14 wells sampled draw water from the unconfined
aquifer. The analyses included measurements of total kjeldahl nitrogen (TKN),
ammonia (NH,-N), total phosphate (P), orthophosphate (P0,-P), potassium (K), and
nitrate (NO,-N). See Table 13 for nutrient analyses on the ground water samples

and Table 14 for nutrient analyses on dairy ponds and irrigation water.

In June the TKN ranged from <0.06 mg/1 to 0.84 mg/1 TKN-N, averaging 0.41 mg/1
TKN-N for 7 wells, ranging from 0-.1 mg/1 to 0.8 mg/1 TKN-N. No NH,-N was
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detected in any of the June samples. Due to laboratory problems, no NH,-N

analyses were performed in October.

Levels of TKN which exceeded the ammonia levels in 9 wells indicate the presence
of organic nitrogen in these wells, since TKN is a measure of ammdnia and organic
nitrogen forms such as urea, amino acids, and proteins. Seven (7) of these 9
wells also showed nitrate concentrations exceeding 10 mg/1 NO,-N. Six (6) wells
were located on dairies and 3 were located in crop fields which are either
immediately down ground water gradient from a dairy or which are fertilized with

dairy wastes.

Two (2) wells (6S 10E 26G and 6S 10E 26L), located in agricultural fields which
do not receive dairy wastes as a fertilizer, showed no detectable levels of TKN.
Both wells also showed low NO,-N concentrations of 0.05 mg/1 and 2.1 mg/7,

respectively.

-~ Thus, in general, organic nitrogen is common in wells Tocated on dairiés or.
vcrop]ands receiving déiry wastes, both of which are also 1ike1y to show nitrate

levels above 10 mg/1 NO,-N. Ground waters with no detectable TKN also showed Tow
nitrate levels and are associated with croplands which are not fertilized with

dairy wastes.
TKN~-N and NH,-N concentrations in the TID canal water were 0.39 mg/1 and <0.02

mg/1, respectively. The source water for the TID irrigation canals, the Tuolumne

River, is probably much lower in TKN. The higher levels observed in the canal
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into the canal.

TKN and NH, levels in water from dairy ponds are typically much higher than
levels observed in ground and surface waters. The dairy pond sampled in this
study showed 310 mg/1 TKN-N and 240 mg/1 NH,-N. Due to conversion of most or all
of the organic nitrogen to ammonium ions 1itt1e, if any, organic nitrogen is
typically found in ground water. In 101 ground water samp]és from a high nitrate
area in and around Chico, the TKN-N averaged 0.08 mg/1 and ranged from 0.0 to
1.6 mg/1 (DWR, January 1984). The Chico area is a predominately urban area with
some orchards and a few other crops pfesént. The High'nitrate levels there were

determined to the result of the widespread use of septic tanks.

Potassium levels 1h the irrigation and ground waters were not unusually high.
A 1.1 mg/1 K was observed in the canal water and 1.5 mg/1 to 5.6 mg/1 K was
observed in the ground water. Potassium levels in natural ground waters are
commonly at similar low concentrations. Levels of K in the 2 dairy ponds, 130
mg/1 and 420 mg/1, were much higher. It is apparent that although waste water
from dairy ponds contribute conéfderab1e amounts of K to the soil, very Tittle
is leaching into the ground water. This is probably due to the adsorption of

potassium ions into clay particles in the subsoil.

0f 10 wells sampled for phosphates in June, 8 showed at Tleast some organic
phosphorus to be present (i.e., total phosphates was greater than
orthophosphates). These 8 wells ranged from 0.11 mg/1 to 0.26 mg/1 total

phosphates, averaging 0.18 mg/1. The Tevels of organic phosphorus present (total
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average of 0.12 mg/1. Six (6) of the 8 wells are located on dairies. The

remaining 2 wells are Tlocated 1in agricultural fields, both of which are
fertilized with dairy wastes. The highest level or organic phosphorus, 0.23

mg/1, was observed in a well Tocated at a dairy.

Two (2) wells showed no organic phosphorus to be present in June. One (1) of
these 2 wells (6S 10E 17J) showed total phosphates as high as 0.90 mg/1 and fis
located in an alfalfa field. Alfalfa is commonly fertilized with inorganic
phosphorus. The other well (6S 10E 26G) which showed no organic phosphorus to
be present had a much lower total phosphate level. It is located in a grain

field which is not fertilized with dairy wastes.

Ten (10) wells sampled in October all showed some presence of organic phosphorus.
The total phosphate for these 10 wells rénged from 0.06 mg/1 to 0.9] mg/1, with
an average of 0.20 mg/1. Organic phosphorus ranged from 0.02 mg/1 to 0.12 mg/1,
with an average of 0.06 mg/1. Seven (7) of these wells are located on dairies,
2 are in crop fields which receive dairybwastes as a fertilizer, and 1 is in an

alfalfa field.

~ Since most natural ground waters have less than 0.1 hg/1 phosphorus (Bower,
1978), these wells, which averaged 0.18 mg/1 and 0.20 mg/] total phosphates in
June and October, respectively, show that the ground water in the study area is
higher in phosphorus than normal. The highest level of organic phosphorus

occurred at a dairy well, and the highest level of total phosphate, all of which
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alfalfa field.

Phosphorus 1eve1s in the TID canal water were 0.12 mg/1 total phosphates and 0.05
mg/ 1 orthophoéphates. The phosphorus levels fn the 2 dairy ponds were very high,
with 180 mg/1 and 110 mg/1 total phosphate and 22 mg/1 and 84 mg/1
orthophosphate. Thus, water from dairy ponds which is used to irrigate crops
is obviously a source of both inorganic and organic phosphorus,‘ Therjowerv1evels
observed in the ground water result from the adsorption of phosphorus to clay

particles or to chemical precipitation.  Higher than normal phosphorus.
cbncentrations may occur in ground water when the sorptive capacity of the 5011

is exceeded.

In summary, total phosphateband TKN were both typically higher in these wells
- than is normally found in ground water. Potassium levels were normal for natural
ground waters. Organic forms of nitrogen and phosphorus occurred in all dairy
wells and wells located in crop fields which are fertilized with dairy wastes.
A1l but 2 of those wells also showed significant levels of NO,-N, usually above
10 mg/1. A high level of inorganic phosphofus was present in 1 well located in

an alfalfa field.

Two wells Tlocated in crop field which did not receive dairy wastes as a
fertilizer (6S 10E 26G and 6S 10E 26L) showed no organic nitrogen.to be present,
and at least 1 of the 2 had no organic phosphorus present as well (the other well

was not analyzed for phosphates). The NO,-N Tevels in these 2 wells were also

Tow.
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From these nutrient analyses it appears that dairies are a potential source of
higher than normal Tlevels of nitrates and organic forms of nitrogen and
phosphorus in ground water. While only 2 nutrient analyses of commercially
fertilized crop areas were performed, it appears that commercially fertilized
croplands may be less 1ikely to significantly affect nitrate and organic nitrogen

and phosphorus Tevels in ground water.
SOURCES OF NITRATES AND SALTS

Because of the large number of dairies and acres of crops grown, animal wastes
and fertilizers are the major sources of nitrates in the Hilmar area. Septic
systems can also make sfgnificant contributions, but because of the low
population density in this area, they are not as significant a‘source of either
nitrates or salts. ‘throgen fixation and decomposing organic matter are also
of less importance. Because of the high quality of both rain and irrigation
water, there is little contribution to the total salt or nitfate load from either
of these sources. Nor-are the continentq]vdeposits of the 2 watér-bearing units

~a significant source of nitrates or salts.

Processes in the unsaturated zone which prevent nitrogen from reaching the ground
water include plant uptake, ammonia volatilization, adsorption or cation exchange
of ammonium ions, and dentrification. These processes are examined more closely

in the discussion below on the nitrogen cycle.

Nitrogen Cycle
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Atmospheric nitrogen is the ultimate source of nitrogen used by plants. The
processes by which it is incorporated into the soil, utilized by plants, and
eventually returned to the atmosphere are all part of the nitrogen cycle (see

Figure 7).

The nitrogen cycling is a natural ecosystem, is highly efficient, and leaching
of nitrate 1ntolthe ground water is minimal. In an agro-ecosystem, however, the
efficiency of the nitrogen cycling is much lower dué to increased nitrogen inputs
in the fdrm of fertilizers and nitrogen fixation by 1eguminbus plants.- When the
nitrogen supply is greatér thah what can be used by the p]ants,‘then nitrogen
can be lost from the soil by volatilization, dentrification, immobilization or

tie-up by soil bacteria, or leaching into the ground water.

A1l sources of nitrogen, whether organic or inorganic, may undergo nitrification
to form nitrate-nitrogen. Organic nitrogen compounds such as proteins, amino
acids, amides, nucleic acid, urea, etc., must first be mineralized by microbial

decomposition to produce ammonia, or ammonium, before nitrification can occur.

Ammonium, either originating from organic or inorganic sources, may be taken up
by plants or undergo adsorption, cation exchange, incorporation into the
microbial biomass, release to the atmosphere in the gaseous form, or

nitrification.

Most nitrogen utilized by plants is in the nitrate form. However, some ammonium

is used by plants.
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Adsorption and cation exchange of ammonium ions occurs in anaerobic conditions.
The positively charged ammonium ions are readily adsorbed onto negatively charged

soil particles, or they exchange sites with other cations on the soil particles.

Soil microorganisms require carbon and nitrogen in their development. Inorganic
nitrogen, in the form of NH,+ , can be converted to organic nitrogen in the
formation of microbial protein by these microorganisms. This makes the nitrogen

at least temporarily inaccessible to plants or to leaching.

When applied to soil, ammonium may volatilize to the atmosphere as ammonia gas.

This is a chemical reaction which occurs readily in calcareous soils at high pH.

If aerobic conditions exist, as is common in unsaturated, sandy soils,
autotrophic bacteria may convert the ammonium ion to nitrate (NO,-) by the

following reactions:
NH,* + 3/2.0, NO; + 2H*
NO, + 1/2 0 1/2.  NO,

~ The negatively charged nitrate ions do not adsorb to negatively éharged soil
particles. They are thus more soluble and mobile than ammonium ions in both
saturated and unsaturated soils and learn to thé ground water readily. Nitrate
which is not leached away or utilized by plants may form N,0 or N, gases upbn

dentrification. Dentrification of nitrate fons is a biological process which

31



‘%N f
B

occurs under anaerobic conditions in the presence of heterotrophic bacteria.

Dentrification may occur in saturated soils or in ground water.

~Atmospheric ﬁitrogen may enter the soil system through fixation by symbiotic or
free-living bacteria or by fixation of one of the oxides of nitrogen by
Tightning. Symbiotic nitrogen fixation by bacteria such as Rhizobia and legumes '
such as alfalfa can converf elemental atmospheric nitrogen to a form which is
useable by the host p]ént; Nitrogen fixation by this process can be as high as
400 1bs/acre/vr (Murphy, 1978), some of which is utilized by the host plant

itself and some .of which is Jeft as plant residue after harvest.

Non-symbiotic nitrogen fixation by bacteria such as blue-green algae and certain
free-1iving bacteria can also convert atmospheric nitrogen to forms useable by
plants. This process probably only accounts for the fixation of about 6 Tbs of

N/acre/yr (Murphy, 1978).

Lightning can convert N, in the atmosphere to oxides of nitrogen such as NO,,
'NOE, or NO,. Ammonia gas is also common in the atmosphere in industrial areas.
These sources or nitrogen are brought to the soil by rainfall.

Animal Wastes

Dairies are the largest source of animal wastes in the Hilmar area. There are

currently about 60 operating dairies, 3 poultry farms, and several abandoned

dairies. Forty-seven (47) of the 60 dairies and all 3 poultry operations were
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surveyed in order to determine management practices common to the Hilmar area

and to obtain an estimate of nitrogen and salt loading due to these operations.

Most of the dairy and poultry wastes are used to fertilize some of the crops
grown in the Hilmar area. The effect that these animal wastes can have on the
qua]ity of the ground water is influenced by soil type, depth to ground water,
irrigation practices, crop type, and application fate. Management practices such
as the methods of handling, storing, and applying animal wastes to crops are

also important factors.

Most of the Hilmar area is characterized by Toamy sand, sand, or sandy loam
soils. Permeability is typically rapid in the surface soil, but slow to very
slow in the subsoil. Slopes are generally no more than 3 percent, resulting in

slow surface runoff (USDA, 1950).

The depth to the water table varies naturally from about 5 feet to 26 feet below
- the ground surface. Operation of the TID drainage wells maintains the water

“table at least 6 feet below ground surface in many areas.

Most irrigatibn water is provided by the TID canals which transport water from
the Tuolumne River to the San Joaquin River. A few growers use water from their

own wells. The irrigation season is typically from early March to Tate October.

The most common crops fertilized with dairy wastes are corn and oats with most
dairies following a summer corn crop with oats in the fall. A total of about

7,115 acres are used by the 47 dairies surveyed for application of dairy wastes
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to crops. Approximately 5,200 of these acres are used to grow corn and oats.

About 1,300 acres are used for growing alfalfa.

Sudan, pasture, and almonds each account for 120 acres or less of dairy waste .
disposal. Of these 5 crop types, corn and almonds have the highest nitrogen

requirements.

Dairy wastes are usually generated in corrals and mi]king’areas. Mostly solid
wastes accumulafe in the corral area, while 1argevvo]umes of liquid wastes are
produced in the-mi]king area. Béfore application to crop1ahd, the solid wastes .
can be sfockpi]ed or disposed of in holding ponds. Frequently, some of the solid
~wastes are hauled away. Liquid wastes may be discharged directly to a ffeld or
to a holding pond before being distributed for irrigation. Use of holding ponds
for storage of Tiguid and solid wastes produced in the milking areas is common
in the Hilmar area. Forty-five (45) of the 47 dairies surveyed use ponds for
dairy waste storage.  In addition, all but 3 dilute their wash water before

applying to crops.

Both stockpiling and holding animal wastes in ponds results in nitrogen losses
through vo]atijization. The amount of nitrogen lost is dependent on the amount
of time between storage and use. For storage of 30 days or less in a holding
pond 30% of the nitrogen is lost, while a storage period of 60 days or more
results in an approximately 50% loss of nitrogen (Meyer, Rauschkilb, Olson,
1975). 1In the Hilmar area holding ponds are commonly pumped at each irrigation
duringA the dry season, but may be pumped as frequently as dai]y or as

infrequently as once a month. During the winter months hd]ding times are
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generally longer, with pumping typically occurring as infrequently as once every
3 months. Thus, a removal of 50% of the initial nitrogen is more common in the
winter months when holding times are longer, while a 30% nitrogeh removal during

the irrigation season is more typical.

Loss of total nitrogen from manure exposed to drying can be as great as 50%
within 7 to 8 days, while stockpiling fresh manure under anaerobic conditions
can result in a loss of as little as 8% during a period of 50 days (Azevedo,
1974). Since most corral manures in Hilmar are not‘stockpiled more frequently
than once every week; an average total nitrogen loss of 50% from corral manure

is probably typical.
Fertilizers

Commercial fertilizers are used on almost half of the cropland acres in the study>
area. Like animal wastes, the effect that these fertilizers can have on ground
water quality is also influenced by soil type, depth to ground water, irrigation
| practices, crop type, and apﬁ]ication rate. The form of fertilizer may also have

an effect on the amount of nitrates leaching to the ground water.

Table 13 1lists the crops grown in the Hi]har area with the corresponding
recommended fertilizer application rates and types of fertilizer commonly used
for each crop type. In addition, an estimate is made of the amount of salts that
are contributed by the fertilizers used on each crop. It is assumed that each

fertilizer is 100% salts. It should be noted that the applied salts do not
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necessarily remain in a one-to-one relation in the soil. Some salts may adsorb

to soil or organic particles or form precipitates in the soil.

Recommended fertilizer application rates vary from about 30 1bs N/acre/yr for
alfalfa and dry beans to 200 1bs N/acre/yr for corn and lawns. Although all
crops are commonly fertilized at rates in‘excess of that recommended, lawns
typically receive the greatest excess fertilizer. An application rate of 500
1bs/N/acfe/yr is not unusual for lawns, especially on golf courses. . In addition
to high fertilizer application rates, 1awhs typically require' high water

application rates. This increases the leaching of nitrates to the ground water.

Table 14 1ists the 5 most common sources of fertilizer nitrogen for Merced County
in 1986. Eighty percent (80%) of the fertilizer nitrogen was derived from these
5 sources. Half of this nitrogen (or about 41% of the totaT nitrogen applied
in Merced County) was from urea ammonium nitrate. Aqua ammonia is the second
most significant source of nitrogen (14.5% of the total). __, ammonium su]fate,
and urea each contr{bufe 7-8% of the total applied nitrogen. Several other forms
of nitrogen fertilizers each contribute lesser amounts of nitrogen. A small part
of the study area is in Stanislaus County. Urea ammonium nitrate makes up about
- 37% of the total applied fertilizer nitrogen there. Anhydrous ammonia and
ammonium sulfate each make up 19% and 10%, respectively, of the total fertilizer

nitrogen in Stanislaus County.

Ammoniacal forms of nitrogen tend to transform rapidly to nitrate in soils where

plants are actively growing. Applying these forms of nitrogen in concentrated
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bands may help to reduce nitrification to nitrate. This allows more ammonia to

be adsorbed to clay particles, resulting in a Tower leaching potential.
Domestic Wastes

Only the City of Hilmar, a small portion of the entire study area, is on a sewer
system.  The surrounding areas treat domestic wastes in septic tanks which

discharge waste effluents through subsurface Tleach fields.

Water used for domestic purposes can show increases in total nitrogen content
of 20 to 40 mg/1. Conversion to nitrate could result in the undiluted leachate
containing 2 to 4. times the acceptable drinking water level (DWR, 1984).
However, dentrification, ammonia volatilization, and plant uptake remove some
of the nitrates in the unsaturated zone. The unsaturated zone in the Hilmar area

is commonly less than 20 feet, Tlimiting the nitfogen removal process.

Because of the greater density of animals on dairies énd poultry farms,‘the large
number of animal facilities in the Hilmar area, and the fact that 1 average milk
cow produces an amount of nitrogen equivalent to 17 humans (CRWQCB, 1975), the
contributions of nitrates to- ground water through 1ndivjdhal domestic septic

systems is much less than that contributed by animal wastes.
Nitrogen Fixation

Free-1iving bacteria in soils can fix atmospheric nitrogen into nitrogenous

compounds. These bacteria generally fix no more than 25 pounds of nitrogen
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annually per acre (Brady, 1966). In fertilized soils which
available ammoniacal and nitrate nitrogen, the fixation of atmospheric nitrogen
is greatly reduced. Thus, in the intensively farmed Hilmar area nitrogen

fixation by free-Tiving bacteria is probably insignificant.

Fixation of atmospheric nitrogen in association with symbiotic bacteria and

leguminous plants such as alfalfa, clover, and beans can result in fixation of

several hundred pounds of nitrogen per acre. However, some of this fixed.

nitrogen is used by the host plant, passed into the soi]bahd used by'nearby

plants, or used by subsequent crops.

Alfalfa and beans are 2 1egﬁminous plants growh in the Hilmar area. Together

they, make up about 11% of the total cropland. Thus, they do not contribute a
great deal of nitrogen to the study area in comparison to that contributed by

animal wastes and commercial fertilizers.
Decomposing Organic Matter

The accumulation and decomposition of organic materials can supply nutriénts to
succeeding crops. Most of these nutrients are recycled in the soil-vegetation
system during decomposition, but some are leached down to the water table. Only
leguminous plants supply enough nitrogen upon decomposition to be important in
the leaching of nitrates to the ground water. The effect of leguminous plants

is discussed in the previous section on nitrogen fixation.

Irrigation Water
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Since the majority of the irrigation water in the study aréa comes from the
Tuolumne River which is of high quality, the contribution of salts and nitrogen
frdm this source is minor compared to the other major sources. A small
percentage, about 15%, of irrigation water is obtained from wells penetrating
both the unconfined and confined aquiférs. Since using ground water for
irrigation merely recycles nitrogen and salts, with some Tosses of both certainly
occurring, it is assumed that no additional salts or nitrogen are contributed

fo the ground water by such use.
Rainfall

The contribution of salts and nitrogen due to rainfall is negligible since the
area has a low annual precipitation rate and rain water quality is good. The
average annual precipitation is 11.692 inches (DWR, 1982) and nitrate
concéntrations of rain water are typically less than 0.50 mg/1 NO, in this area

(Air Resources Board, 1986).
Geo]ogy

Geo]ogic'sources of hitrogeﬁ are generally associated with sediments depositéd
in a marine environment which is rich in organic material. The sediments making
up the 2 aquffers fn this area are derived from continental deposits originating
from the Sierra Nevada and do not contain much organic material. Thus, the
sediment making up the 2 water bearing units are very unlikely to be sources of

nitrates in the ground water.
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NITROGEN AND SALT LOADING

An estimate of the nitrogen and salt loading due to each of the various potential
sources has been made to determine which sources are likely to have the most
significant effect on ground water quality. The loading rates determined are
estimates only and are based on current information available from literature

and people who arevqua1ified in specialized areas.
Animal Wastes

Forty-ée?en (47) of the 60 currently operating dairies and the 3 poultry farms
in the study area were surveyed to estimate the average nitrogen énd salt loading
due to these operations. Both the dairy and poultry surveys obtained information
on the number of animals at each facility, the percentage of manure which is
handled wet or dry, how many acres are used for waste disposal, what crops are
fertilized with the wastes, how much manure is hauled away annually, whether or
not a holding pond is used, and how frequently ho]ding ponds are pumped (see
Appendix A for the dairy and poultry operation survey forms). From this
information an estimate was made of the annual average nitrogen and salt loading
per acre and the total nitrogen and salt loading due to the 47 dairies and 3
poultry operations (see Appendix B for the methods of calculating salt and
nitrogen loading). The range of nitrogen and salt loading was also determined

for both dairy and poultry bperations.
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The 47 dairies surveyed contribute a total of about 578 tons of nitrogen per
year over a total of 7,115 acres. This results in an average nitrogen 1oadfng
of about 162 1bs N/acre/yr. The estimated total nitrogen is a conservative
estimate since 15 dairies were not surveyed. The individual loading rates range
from 27 to 1,063 1bs N/acre/yr. Smaller dairies typically contribute the largest

nitrogen loading rates.

The total annual salt Toading for the 47 dairies was estimated to be 7,157 tons
with an average loading rate of approximately 2,000 1bs salt/acre/yr. The

loading rates range from about 405 to 12,355 1bs salt/acre/yr.

An estimate of the total nitrogen loading due to all 70 dairies can be made
using an average of 12.3 tons N/dairy/yr to the 15 dairies not surveyed gives
an additional 1.84 tons N per year, for a total of 762 tons N/yr being
contributed by dairies. Similarly, using an average of 152 tons salt/dairy/yr
(7,157 tons salt/yr divided by 47 dairies) given an additional 2,284 tons of
sa]tslconfributed by the 15 dairies hot‘suryeyed, for a total annual salt loading

of 9,441 tons due to dairies.

The 3 pou1try»operations contribute’anvéstimafed total of 257,040 pounds (129
tons) of nitrogen per yeér to 855 acres, for an'averagé of 301 1bs N/acré/_yr°
The total annual salt loading was estimated to be about 716 tons salt/yr. Over
855 acres this is an average of-1,674 1bs salt/acre/yr. The range of salt

loading is 982 to 2,048 1lbs/acre/yr.
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The total estimated annual nitrogen loading from all dairies and poultry
operations is 891 tons. The total salt load is 10,157 tons/yr. This is
applied to approximately 10,241 acres. The average annual nitrogen and salt
loadings from both dairy and poultry wastes are thus approximately 174 Tbs
N/acre/yr and 1.984 1bs sa1t/acre/yf. The .types and amounts of the different

crops which are fertilized using dairy and poultry wastes are listed in Tables

15 and 16.

Assuming that appfoximately 50% of the applied nitrogen is utilized in the root .

zone, the amount of nitrogen leaching to the ground water may be as much as 446

tons N/yr.
Fertilizers

Crop acreages for the study area were determined suing the DWR 1980 land use maps
for Merced and Stanislaus Counties. Of a total of 22,520 acres in the entire
Study area, approximately 86%, or 19,342 acres, are used as cropland. Corn
(frequently doub]e—croppedAwith oats), almonds, and alfalfa make up almost 80%
of all crops grown. Corn is grown on about 8,604 acres (44% of the total érop
acreage), almonds on about 4,823 acres (25% of the total crop acreage), and
alfalfa on about 1,945 acres (10% of the total crop acreage). Table 17 lists

other crop acreages.

Table 17 1ists the approximate acres of each crop type which are fertilized with
animal wastes or commercial fertilizers. Corn, the predominant crop grown in

the area, and alfalfa are both fertilized mainly with animal wastes. Commercial
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fertilizers are used mostly for supplying nutrients to almonds.
the commercially applied nitrogen is used to grow almonds, while approximately
18% 1is used to grow corn. A1l other crop types each use 6% or less of the total

commercially applied nitrogen.

The estimated total amount of commercially applied nitrogen and salts is shown
in Table 17. Approximately 577 tons of nitrogen and 2,818 tons of salts are
applied annually to all of the commercially fertilized crops. Assuming there
is 50% utilization of nitrogen in the root zone, the amount of nitrogen from
commercial fertilizers which may leach to the ground water could be as high as

288 tons per year.
Domestic Wastes

Unsewered Residential Areas

Approximately 22,000 acres of the study area is unsewered. With an estimated
- population dens{ty Of.35 residents per 1,000 acres, there ére approximately 770
housing units served by septic tanks. The average septic tank serves 3.5 persons
and generates 12 to‘i8 bs nitrogen per person per year (Andrecli, 1979). Thus,
the éstimated aﬁnua1‘nitrogén lToad from septic tanks is approximately 16 to 25

tons N/yr.

The average TDS for septic tank effluent is 300 mg/1 (Metcalf, 1972). At an
estimated septic tank discharge of 75 gallons/capita/day this is equal to

approximately 92 tons of salts/yr.
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Sewered Residential'Areas

The City's sewage treatment plant is located in the southeastern portion of the
study area. It serves approximately 2,500 people and has an average flow rate
of about 0.19 million gallons per day (mgpd), ranging from 0.18 to 0.20 mgpd.

The treated effluent is applied to 20 acres of grass and/or alfalfa.

‘Purified}séwagé effluent contains approximately 40 mg/1 nitrogen (NO,-N) and
300 mg/1 TDS (Metcalf, 1972). For an average f]ow.rate of 0.19 mgpd this is
equal to;approximately 12 tons N/yr and 87‘tons salts/yr. A 50% utiiiiation of
nitfogen in the root zone is not assumed since the rate of applied hitrogen (1200

1bs N/acre/yr) is much greater than the requirements of any crop.
Nitrogen Fixation

Nitrogen fixation by Rhizobium microorganisms in association with Teguminous
‘plants can account for about 101 pounds of nitrogen per acre per year for alfalfa
and about 13 pounds of nitrogen per acre per year for beans (Pettygrove, 1987).
These are the amounts of fixed nitrogen which remain in the soil after harvest.
Thus, 1945 acres of alfalfa and 154 acres of beans would fix approximately 90
and 1 ton(s) of nitrogeh per year, respectively. Assuming 50% utilization in
the root zone by succeeding crops, approximately 50 tons of symbiotically fixed

nitrogen may leach into the ground water.

44



As mentioned previously, nitrogen fixation by free-living bacteria is probably

insignificant in this intensively farmed area.

Irrigation Water

The study area receives approximately 3.6 feet of irrigation water ahnua]]y from
the Tuolumne River, via the TID irrigation canals. The irrigation water averages
about 1.1 mg/1 NO,-N and 88 mg/1 TDS (see Table 7). Approximately 85% of the
19,342 acres of cropland, or 16,441 acres, receive irrigation water from the
TID canals. The irrigation water thus contributes about 88 tons of nitrogen
and 7,073 tons of salts annually to these 16,441 acres. Assuming 50% utilization
of nitrogen in the root zone the amount of nitrogen which may leach to the ground

water is approximately 44 tons.

Evaluation of Mass Balance

Based on the discussion above, the contributions of nitrogen and salts from the

various sources are as follows:
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The percentages above indicate that animal wastes and fertilizers account for
approximately 85% of the total nitrogen loading. Approximaté]y 446 tons of
nitrogen from animal wastes are applied over 10,241 acres annually, for an
average loading rate of 87 1bs N/acre/yr. The average nitrogen loading rate for
commercial fertilizers is 63 1bs N/acre/yr (288 tons N/yr applied over 9,101
acres). The actual loading rate for fertilizers may be higher due to individual
appiicationkrates which commonly exceed the recommended rates. Although the
loading rates for these 2 sources are only rough estimates, it is apparent that
the}appljtation off animal wastes and commercial fertilizers are the predominant

sources of nitrogen in this area.

The application of animal wastes and 1rrigation water to cropland accounts for
about 85% of the total salt loading. 10,157 tons salt/yr applied over 10,241
acres is an approximate average salt loading of 1,984 1bs salt/acre/yr due to
animal wastes. The approximate average annual salt loading due to irrigation
water 1is 860 1bs salt/acre/yr (7,073 tons applied over 16,441 acres, assuming
85% of the total crop acreage receives TID irrigation water). Thus, based on
pounds of salt per acre, animal wastes contribute the most significant émounts

of salts to the area which may be leached to the ground water.
WELL CONSTRUCTION-

Some well construction methods can increase the likelihood of nitrates entering
either the unconfined or the confined aquifer. The practice of completing a well
without a sanitary surface seal allows surface water to move readily down the

annular space of the well and into the upper aquifer, carrying possible
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contaminants with. it. Contamination of the Jower aquifer can occur when the
perforation interval of the well covers both aquifers, or even when the
perforation interval covers the lower équifer only, if there is no seal between
the 2 aquifers. This is especially 1ikely when the head in the upper aquifér
is higher than the head in the Tower, confined aquifer, as is the case in the
Hilmar area. The location of the well is also important. The nearer the well
is to the source the more likely it is that contaminated surface waters can move

down the well's annular space and into the ground water.

0f 35 wells in the study area with évai]ab]e information on whether or not a
sanitary surface seal was provided, 22 have a seal and 13 do not (see Table 18,
Well Data). At least 2 of these wells without a seal are dairy wells. Bentonite
and cement are both common sealing materials. At least 2 of the 10 wells drilled
into the lower aquifer have perforations over the entire.1ength of the casing.
Both of these we]]s show nitrate concentrationé which are above backgrouhd
Tevels. One showed nitrate concentrations above the drinking water standard in
June and October. The other well had a nitrate concentration of 9.1 mg/1 1in
June. None of the 4 wells that arevperforated in the confined aquifer only have
a sea]'separating the uppér and lower aquifers. One of these 4 wells showed a
nitratevconcentration of 9 mg/1 NO,-N in June, a Tlevel which is well above the

background Tevel.

The Merced County Health Department has a minimum required spacing of 100 feet
between a well and a septic tank or corral. In areas of high ground water this
minimum distance is 150 feet. There is no required minimum distance between

wells and other possible sources of nitrogen, such as croplands fertilized with
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_either animal wastes or commercial fertilizers. In fact, it is very common for

wells with no sanitary surface seal to be located in the middle of crop fields.

It is apparent that well construction methods used in the study area may increase
the chance of nitrates entering the ground water. Many wells have been
constructed without a sanitary surface seal and/or very near potential nitrogen
sources. They may thus allow contaminated surface water to enter the ground
water. In addition, deep wells are commonly perforated across both aquifers,
or if only perforated in the lower aquffer, they are not likely to have a seal
between aguifers. Both of these cohstruction practices for deep wells increase
the chances that contaminafed water of the upper aquifer may enter the Tower

aquifer{
SUMMARY

Of 69 we1ls'samp1ed in June, 41 showed nitrate concenfrations at or above the
drinking water standard of 10 mg/1 NO,~-N. Nitrate concentrations in June rariged
from <0.1 mg/1 to 35 mg/1 NO,-N. Thirty-five (35) of 40 wells which showed
nitrate concentrations exceeding 10 mg/1 NO,-N in June also showed nitrate levels
above the drinking water standard in October. October nitrate levels were as
high as 38 mg/1 NO,-N. Almost as many wells showed a decrease in nitrates‘from

June to October as those that showed an increase.

Although in general the nitrate concentrations tend to decrease with depth,
excessive levels occur in wells drilled into the confined aquifer as well as the

unconfined aquifer. Water sampled from deep wells may actually be composite
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water from both aquifers. The highest levels of 30 mg/1 NO, or greater occurred
fn wells as deep as 115 feet. A1l but one of these wells with 30 mg/1 NO,-N or
more is either located at a dairy or immediately down ground water gradient from
a dairy‘or a crop field which receives daity wastes as a fertilizer. The one
exception is a well which is immediately down ground water gradient from the goif

course.

Due to the non-point nature df the major nitrogen sources, it is difficult to
determine a definite source for many of the nitrate contaminated wells. However,
excessive nitrate levels are common in wells Tocated at dairies and in corn and
grain fields which are Tikely to receive dairy wastes as a fertilizer. All wells
located near the golf course and many wells in orchards, alfalfa fields and

pasture also have nitrate Tevels of 10 mg/1 NO,-N or greater.

0f a total of 19,342 crop acres in the area, over half (10,241 acres) are
fertilized with dairy wastes. The rest receive commercial fertilizers. Corn
and corn doub]e-cropped‘with oats receive most of the dairy wastes, while almonds

receive the majority of commercial fertilizers applied to the area.

.Estimates of the nitrogen and salt loading rates from the various possible
sources ihdicate.that dairy wastes and férti]izers account for approximately 85%
of the total nitrogen load to the area and dairy wastes are the largest
contributor to the total salt load. Although fertilizers appear to contribute
less n{trogen than dairy wastes, they may actually be just as important since
actual fertilizer application rafes commonly exceed recommended application rates

by as much as 66%.
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Nutrient analyses of water from 14 wells indicate that dairies are contribufing
organic nitrogen and phosphorus to the ground water. The organic nitrogen is
commonly associated with high nitrate levels. Organic nitrogen and phosphorus
were not detected in 2 wells Tlocated in crop fields which do not receive dairy

wastes as a fertilizer.

A survey of animal waste management practices indicates that small dairies

frequently contribute the largest nifrogen and salt loading pér acre to the area.

Nitrogen loading for individual dairies may be as high as 1,063 1bs N/acre/yr

and salt loading as high as 12,355 1bs sa]t/acre/yr.‘ These rates greatly exceed

the needs of any crop.

Pesticide analyses were made on 15 wells located in or down ground water gradient
from a variety of different crops. No pesticides were detected in any of these

wells.

Research on the geology and hydrogeology show that there are 2 water bearing
units which are used in the area for domestic, irrigation, livestock, and

drainage purposes. Both of these water bearing units consist of unconsolidated

sedimentary deposits of sand, silt, and.clay. Water in the upper aquifer is.

separated from water in the Jower, confined aquifer by the E-clay. Head
differences between the 2 aquifers tend to move water from the upper aquifer

down towards the lower aquifer.
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Natural ground water levels in the upper aquifer are from 5 feet to 26 feet below
the ground surface. Drainage wells in the area maintain levels at least 6 feet

below the ground surface in many areas.

The ground water in the unconfined aquifer, and probably in the confined aquifer
as well, flows in a westerly or southwesterly direction toward the San Joaquin
River or the Merced River. The hydraulic gradient in the upper aquifer is about

3 to 7 feet per mile.

Factors important in determining whether or not nitrates will enter the ground
water are soil types, ground water levels, well construction, application rates
of fertilizers, irrigation water, and the type of crops grown and their nitrogen

needs.

Soils in the Hilmar area are typicé]1y sandy, allowing rapid perco]afion of
surface waters to the subsurface. In addition, the aerobic conditions common
in sandy soils increase the nitrification qf ammonia to nitrate. Nitrates are
~ very soluble and move readily down to the'gfound water. The shallow ground water
Jevels common in the area also minimize the effectiveness of‘nitrate removal

processes which operate in the unsaturated zone.

Typical well construction methods in the area probably increase the movement of
nitrates into both the upper and lower aquifers. Contaminated surface wéters
may reach the ground water through the annular space of wells completed without
a sanitary surface seal, especially when the well is located near a source of

nitrogen. Contaminated water in the upper aquifer may reach the Jower, confined
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aquifer through the annular space of deep wells. Deep wells in this area are
typically perforated throughout the entire length of the casing, or, if only
perforated below the confining layer, they have no seal separating the lower

aquifer from the upper aquifer.
CONCLUSIONS AND RECOMMENDATIONS

Excessive nitrate levels are common in the Hilmar area gdend water and can be
directly related to the app]icatioh -of animal wastes to cropland in many
instances. The use of commercial fertilizers oh the golf coufsé and a few crops
in the area has also appafent]y resu1ted_iq éxcessive nitrate levels. The
highest Tlevels occur in the unconfined aquifer and are associated with dairies

in almost all cases.

The salinity of the ground water is influenced predominantly by déiry operations.
Salinity levels are not excessive now, but continuation of the current dairy
waste management practices could increase the salinity levels in the future.
Although most crops in the area are irrigated with water from the Tuolumne River
and are not influenced by the ground water salinity, farmers must rely more on
ground water in dry years to irrigate their crops. While septic tanké and poor
well construction may cause local nitrate problems, these are insignificant in
relation to the widespread use of animal wastes and commercial fertilizers.
Proper management of the application of these nutrient sources to croplands can
help to reduce nitrate levels in the ground water. Both commercial fertilizers
and animal wastes should be applied at times and rates which are consistent with

crop demands for nutrients. Soil or plant tissue analyses can be used to help
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time the application of nutrients. Such analyses can be used to evaluate the

nitrogen needs of the crop or the crop response to applied nitrogen.

Animal manures release nitrogen to the soil slowly and should be disced or
otherwise incorporated into the soil well ahead of planting. The disposal of
dairy wash water or wastewater should be timed to he consistent with the crop

or soil needs for water as well as for nitrogen.

In order to maintain nitrate levels which are currently below 10 mg/1 NO,-N it
is recommended that the wastes from no more than 4 or & cows be applied per acre
of cropland. In areas where the nitrate levels exceed 10 mg/1 NO,-N a smaller
number of cows per acre may be necessary to reduce the excessive levels. For
dairies which have more than the recommended number of cows per acre of disposal,
export of the<ekcess Wastes to an outside area could prevent excessive nitrates
from reaching fhe ground water. Manures which are dried and pfocessed cou]d be

shipped out of the area as organic fertilizers.

The use of wells 1nbthe unconfined_aqujfer to irrigate énd recycle nitrogen
through crops can also he]p to reduce already excessive nitrate levels. In
addition, improving the efficiency of irrigation will help to prevent or reduce
excessive nitrate Tevels. Exceséive leaching volumes causes considerable
leaching of nitrates, while Tower drainage volumes contribute lesser amounts of

nitrates to the ground water.

53



-53-

REFERENCES

Air Resourtes Board, The Fourth Annual Report to the Governor and the
Legislature on the AiP-Resources Board's Acid Deposition Research and

Monitoring Program, December 1986.

Andreoli, A. et al., Nitrogen Removal in Subsurface Dispo§a1 Systems, Journal

Water Pollution Control Federation, April 1979.
Ayers, R.S. and Westcot, D.W., Water Quality for Agriculture, FAO, Rome, 1985.
Ayers, R.S. and Branson, R.L., Niktrates in the Upper Santa Ana River Basin in

Relation to Ground Water Pollution, U.C. Divisibn of Agricultural Scientces,

Bulletin 861, 1973.

‘Aqua-Resources;- Inc.y “Determination of Nitrate Sources-in.Ground Water with

Stable Nitrogen Isotopes, Greater Chico Area, Butte County, CA", March

.1985.

Aqua Resources, Inc., Determination of Nitrate Sources in Ground Water with

Stable Isotopes, Greater Chico Area, March 1985.

Azeveda, J., Farm Animal Manure, 1974.

-
- -

A S . . . X oL Seo T 4. e —
T - SV A T N S e W QoL LA ST, Tt iy o3 3 L/(L,i/‘;[ _;,,,;.3.-.5(‘,_,;#‘



~54-

Bawer, Ground Water Hydrology, McGraw-Hi1l, 1978

Brady, Nyle C. and Buckman, Harfy 0., The Mature and Properties of Soils,
MacMillan Co., 1966.
| | g
Broadbenf, F.E., Minéra]iiation, Immqbi1izat1dn, & Nitrification, %n Manaéement

of Nitrogen in Irrigated Agriculture, USEPA, May 15-18, 1978, Sacramentao

Canter, L'W. and Knox, R.C., Septic Tank System Effects on Ground Water Quality,

Lewis Publishers, Inc., Cheélsea, Michigan, 1985.
CDFA, Fertilizing Materials - Tonnage Report - 4th Quarter, 1986.
COMG, Geology of Northern California, Bulletin 190, 1966.

CRWQCB, Staff Report - Dairy Farm Waste, June 1975.

. i v
R T P Y . .t EIA R . s B S kS i RS

' .- . : L -

AT T3 s

- oy e st A TR, '
““Department of Water Resources, Study of Nitrates in the Ground Water of the

Chico Area, Butte County, dJanuary 1984.
-BHR?~Study—eﬁ~Nitrates-fn—the—ﬁroﬂnd‘water"Df”thé“CﬁTto~Areaé~January“1984:~~

DNRTAS§u&y—Gf’NTtrates—¢n~Gronﬁd’WEEEﬁffﬁr¥ﬁé‘tﬁTto~Area;~Buttewcounty?—4anuary

3987,
f e ~ — \ - Y . Y . R ;
S i N , a N 1 - . - F; b . t H NI ., - . .
JO ;)Q' ﬂb) el - I3 s ] ' .3 IRATA g T.‘-L‘..;, i ., PN "::f-f--,!}ﬂ.‘. LA s "?- ST pade BT A
; .
' : = - . \‘;; s ~ i 8
. ceden gt e " A Ta AL il Uit nitias e tages,
Janditwans i-'\.\x‘.l\ B N faiadl f Y Anduss . PooanemRirtaby

L

N Ty
\ U U i cia S}
Tucdny  MESEC g fiy ’ﬁ*rtf- ™M b
\ ) s

- - R

I B PO
‘J s Al L0
ra



In order to ensure that individual producers are complying with  the
recommendations given, each producer should be required to prepare a satisfactory

plan for use or disposal of wastes.
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APPENDIX A

CALIFORNIA REGIONAL WATER QUALITY
CONTROL BOARD, Central Valley Region
Hilmar-Turlock
DAIRY ANIMAL WASTE DISPOSAL SURVEY
1. Business Name:
2. Operator's Name:
3. Mai]ihg-AddresS:
City . County ’ Zip
4. Are premises andwjahd owned by operator?
: (If leased, answer "No") «
5. Is tﬁis a Grade A or Grade B dairy?
6. Number of catt]eA Dairy location Other location
a. Milking cows | |
b. Dry cows
c. -Bred heifers (15 to 30 months)
d. Calves (under 15 months)
7. What percentage of the total manure waste is handled:
a. Wet (using water as carrier to final disposal site)?
b. Dry (handled by mechanical means)?
(Yes or No)

8. Are the cows washed prior to milking by:

a. Sprinkler wash system?

b. Hose wash system?

c. Hand and bucket system?

d. Is this water reused for flushout?

Specify area flushed

e. How much water is used daily (gallons)?



Dairy Animal Waste Disposal Survey.

10.

11.

12.

13.

Is a flushout system used on paved areas?
a. How much new water is used dairy (gallons)?
How is cow and barn wash water handled?
a.‘ Holding Ponds?
length (feet)
width (feet)
depth (feet)
storage capacity (months)
b. Is a solids separator used?
c. Runs into owner's fields?

d. Is all wash water confined to property under
‘control of operator?

Is wash water applied to cropland?
a. Is it applied by dilution in irrigation water?

b. If yés, over how muth land (acres)?

c. Is it applied directly from wash down?

d. If yes, over how much 1andl(acres)?

Does rainwater from corrals and other manured areas:
a. Go to holding ponds?

b. Stay in corra] area?

c. Run onto land under operator's control?

d. Run off land under operator's control?

Is the corral area subject to periodic flooding from:

a. Rain

(Yes or No)




Dairy Animal Waste Diéposa] Survey

(Yes or No)

b. Stream or drainage ditch

14. In winter, how often is holding pond pumped7
(Check appropr1ate Tine.)

a. Once/week

b. 2-3/Month

“¢c. Once/month

d. . Once/3 Months

e.. Not at all

In dry season, how often is holding pond pumped?

a. once/week

b. 2-3/month

c. Once/month

d. At each irrigation

15.  How many cropland acres are used or available for dry
manure disposal?

a. Owned or Teased at this Jocation

b. Owned or leased at other location

c. Is other land available?

d. What crops are grown?

16.  How much dry manure is hauled off, sold or given away
annually from this dairy?

a. Measurement in cubic yards, or

b. Measurement in tons




Dairy Animal Waste Disposal Survey A-4

- 10.

11.

Operator's Name:

HILMAR-TURLOCK
ANIMAL WASTE DISPOSAL SURVEY
FOR
POULTRY OPERATIONS

Business Name:

Mailing Address:

City County Zip

Location and/or address: (if different than above)

Is this ranch presently being operated? YES NO

Type of operation and numbers: (at any one time)

a. Fryers | Number

b. LayersA o Number

c. Others __ - Number

Type of housing: (a) cages (b) litter
Is water used for manure‘remova]? YES NO

If water is used for flushout, where does it go?
a. ,Hoiding ponds _ .

b. Stays on property under operator's control
c. Léaves property under operator's control

How often is manure and/or litter removed from housing?

(dai]y, weekly, monthly, annually, etc.)

How often is manure removed from the ranch? (daily, monthly, annually)




Dairy Animal Waste Disposal Survey

17.  From whom does the operator and/or owner .receive technical assistance for
the management of the animal waste?




SALT LOADING

*x

A. total AU (from 1.A.)
B. Total Tbs salt excreted/day:

(__ total AU)(2.2 1bs* salt excreted/cow/day) = __ total 1bs salt
excreted/day

C. Lbs salt retained at dairy/day:

__ total 1bs salt excreted/day - (__ yd® hauled off/yr)(0.075%*) =
__ 1Ibs salt retained/day

D. Total 1bs salt/acre/day:

__ 1bs salt retained/day/__ acres for disposal = ___ total 1bs
salt/acre/day

L. Total 1bs salt/acre/yr:

__ total 1bs salt/acre/day x 365 days/yr = __ total 1bs salt/acre/yr
"In California, a 1400 pound dairy cow eliminates a combined weight of
salts of about 2.2 Ibs/day", from Dairy Manure Utilization & Field
Application Rates, by J.L. Meyers, R.S. Rauschkolb, E. QOlson

yd®/yr 27 ft° 14.4 1bs (0.07) = 0.75 1b salt/day
365 days/yr - yd® Tt - v :

7% of dry solids are salts (from Dairy Manure Utilization & Field

Application Rates, page 6)
14.4 1b/ft® = dry density of dairy manure (see ** for N loading)



P BEAmpENDIX B
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NITROGEN LOADING ~Caictw=ATRMI Fan DARY CPERAT S13

A. Number of Animal Units* (AU):

Milking Cows. e x 1 = AU

Dry Cows ' - x 0.75 = __ - AU
(( : .

( Calves __ x 0.40 = - AU
| B. Lbs N excreted/day
(A total AU} (0.4 1b N/cow/day) = B 1bs N excreted/day
C. Lbs N retained on dairy/day - wet '
i
(B 1bs N exéreted/day)(_% wet handling)( % N‘retentioﬁ** in holding ponds)=
C 1bs N retained on dairy/day - wet
D. Lbs N retained on dairy/day - dry

[(B 1bs N excreted/day)(_% dry handling)(_ yd3 hauled away/yr)
(.027%%* ) J(.5Q%***) (,7o*****) = [) Tbs N retained on dairy/day - dry

c. Total N retained on dairy/day:
C 1bs N - wet %g 1bs N - dry = E total lbs N retained/day
F. Lbs N/acre retained on dairy/day:.
E Tbs N retained/day/  acres for cﬁ'éposa] =F Tbs N/acre/day
- G. Lbs N/acre retained on dairy/yr: |

F 1bs N/acre/day x 365 days/yr = __ 'l'bs N/acre/yr

**70% of N retained for a hon’mg 'ﬁeriod of 30 days .or less, 50%
retention of N for holding per‘lj]qg . of 60 days or more {d=k. Meyer,
=8> Rauschkilb, and -E-w.- O1son, _%—M&H&Mﬂﬁr&—ﬁ&ld

Apprreatione—pe—bei-
xxx  yd3fyr 27 £t3 14.4 1b ( 0256 N) = .027 16 N/da_y,
365 day/yr yd3 ft3

where 14.4 1b/ft = dry density of dairy manure m1
M and 2.56% of dry we':ght is N £Farm-Animi-Mantret
_Mg) ( Azevedy, 1974 )
(Azeveds, 977 )
****Assume a 50% loss of N in corral manure _(_JLE&pm-—Anq-m&L-M&nﬁre“-hp«Ba-}

*****J/Eta.‘,l eomtont foo let year = 040 ) 2nd yewr = 0.0, 2cet year 20010,
R yeor T0.00 = 0TS wfur cosmedidive Hgear PU'“‘*- (G”oerfsm eA—aQ, !")79)

i Y P . ol o "
[N e . te. L T L O R
L



SALT LOADING ikl o 5Taans Tty Ay PEEAT O

A. - total AU (from 1.A.)
B. Total 1bs salt excreted/day:

{ toﬁal AU) (2.2 1bs* salt chreted/cow/day) total (1bs salt

excreted/day ‘

C. Lbs salt retained at dairy/day:

__ total 1bs salt excreted/day-(__ yd3 hauled off/yr)(0.075%*)=
___1bs salt retained/day :

D. % Total 1bs sa1t/acre/day:

1bs salt retained/day/  acres for disposal=__ total 1bs
salt/acre/day

E. Total Tbs sa]t/aére/yr:
__ total 1bs salt/acre/day x 365 days/yr = total 1bs
salt/acre/yr

*%In California, a 1400 pound dairy cow eliminates a combined weight of
salts of about 2.2 1bs/day”&vﬁrom—6b4fthHﬂuwe—ﬁ%r+¢zatraﬂﬂf7Fﬂ?7ﬁ

AqallcatJoa;HHtes,uby—éziﬂ Meyers R=5. Rauschkolb, Ex Olson S
e yd3/yr 27 ft3 14.4 1bs (0.07) = 0.75 1b salt/day
365 days/yr yd3 ft3
7% of dry solids are sa1ts-frrom-ﬁkvzy*ﬂﬁmmVE~ﬂ%7¥vzaffan—&—f%eid
AQQJJez&%umvwﬂaéesywpageué}u S SRR R

14.4 1b/ft3 = dry dens1ty of dairy manure 4529——$—£0r~N“TUEﬁTng%
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EXPLANATION ' - ' 4

Nitrate concentrations are as indicated below.

Circles indicate wells completed in the -uncon- l

fined  aquifer. Squares indicate wells completed -

in the

3 O <10 mg/l NO3-N

3 B

confined aquifer.

10-19 mg/1 NO3-N

s. ® >20 mg/. NO3-N

Figure 6.

Hilmar Ground Water Nitrate Concentrations, June 1986
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